The linear governing equations of a micropolar thermoelastic medium without energy dissipation are solved to show the existence of four plane waves in a two-dimensional model. The expressions for velocities of these plane waves are obtained. The boundary conditions at the free surface are used to obtain a system of four nonhomogeneous equations. These equations are solved numerically for a particular model to obtain reflection coefficients for the incidence of coupled longitudinal displacement and coupled transverse microrotational waves. These reflection coefficients as well as the energy ratios are computed and are shown graphically with the angle of incidence in the presence and absence of thermal effects.
Introduction
The dynamical theory of thermoelasticity is the study of interaction between thermal and mechanical fields in solid bodies and is of considerable importance in various engineering fields. The generalized theories of thermoelasticity which admit a finite speed of thermal signals (second sound) have aroused much interest in the last four decades. For example, Lord and Shulman [16] , by incorporating a flux-rate term into Fourier's law of heat conduction, formulated a generalized theory which involves a hyperbolic heat transport equation admitting finite speed for thermal signals. Green and Lindsay [12] , by including temperature rate among the constitutive variables, developed a temperature-rate-dependent thermoelasticity that does not violate the classical Fourier law of heat conduction, when the body under consideration has a centre of symmetry surface y = 0 and the y-axis is chosen in the direction of increasing depth. A twodimensional problem (in the x y-plane) is being discussed with the wave front parallel to the z-axis.
Following Green and Naghdi [15] , Eringen [10] and Ciarletta [8] , the constitutive and field equations for an isotropic micropolar thermoelastic medium without energy dissipation and in the absence of body forces and couples become 
where ½; ¼; Ä; Þ; þ; are material constants, ² is the density, j is the microinertia, ¹ = .3½ + 2¼ + Ä/Þ t , Þ t are the coefficients of linear thermal expansion, C * is the specific heat at constant strain and K * = C * .½ + 2¼/=4 is a material constant characteristic of the theory. Here T .x; y; t/ is the temperature change above the uniform reference temperature T 0 , u is the displacement vector, is the microrotation vector, t i j are the components of force stress and m i j are the components of couple stress. The superposed dots denote the time derivatives.
For the two-dimensional problem, let u = .u 1 ; u 2 ; 0/ and = .0; 0; 3 /; (2.6) where the displacement components u 1 and u 2 may be written in terms of the potential functions q.x; y; t/ and .x; y; t/ as
where = − → z . With the help of Equations (2.6) and (2.7), Equations (2.3)-(2.5) reduce to 
where
If the thermal effect is neglected, these four plane waves will reduce to a Longitudinal Displacement wave and two coupled waves as obtained by Parfitt and Eringen [18] . In the next section, the reflection of CLD and CTM waves from a stress-free insulated boundary is considered.
Reflection from a free surface
In the previous section, it has been discussed that there exist four plane waves in an isotropic micropolar generalized thermoelastic solid without energy dissipation. Any incident wave at the interface of two elastic solid bodies, in general, produces dilatational and rotational waves in both media. Let us now consider an incident CLD or CTM wave ( Figure 1) . The boundary conditions at the free surface y = 0 are satisfied if the incident CLD or CTM wave gives rise to reflected CLD, reflected CT, reflected CTD and reflected CTM waves. The surface y = 0 is free from surface tractions and is assumed to be thermally insulated so that there is no variation of temperature on it. Therefore, the boundary conditions on y = 0 may be written as The appropriate potentials q, T , and 3 are taken in the form
where the wave normal of the incident CLD or CTM wave makes angle Â 0 with the positive direction of the y-axis, and those of the reflected CLD, CT, CTD and CTM waves make Â 1 ; Â 2 ; Â 3 and Â 4 with the same direction, and
The ratios of the amplitudes of the reflected waves to the amplitude of the incident CLD wave, namely 
at the surface y = 0. The relation (3.8) may also be written in order to satisfy the boundary conditions (3.1) as
Using Equations (2.1) and (2.2) and the potentials given by (3.2)-(3.5), the boundary conditions (3.1) result in the following system of four nonhomogeneous equations: where
0; j = 3; 4;
For the incident CLD wave,
are the reflection coefficients of the reflected CLD, CT, CTD and CTM waves, respectively. Let us consider the energy partition between various reflected waves at a surface element of unit area. The rate of energy transmission at a free surface of a micropolar thermoelastic solid is given by
Following Achenbach [2] , for any two complex functions of the form
where F 0 and f 0 are real-valued functions, the time average of the product of the real parts of the two complex functions is given by
wheref is the complex conjugate of f . The energy ratios of the reflected waves are obtained by calculating the ratio of P * for the reflected waves to P * for the incident wave. Substituting Equations (2.1), (2.2), (2.7), (3.12) and (3.13) into Equation (3.11), we obtained the P * for various incident and reflected waves and hence the energy ratios. The following expressions of energy ratios E i (i = 1; : : : ; 4) for various reflected waves are obtained:
(i) For the incident CLD wave
(ii) For the incident CTM wave
Here the energy ratios E 1 ; E 2 ; E 3 and E 4 correspond to the reflected CLD, CT, CTD and CTM waves, respectively. Reflected CLD waves Energy Ratios FIGURE 6. Energy ratios of reflected CLD waves for incidence of CLD wave. 
Reflection Coefficients
Reflected CTM waves FIGURE 13. Reflection coefficients of reflected CTM waves for incidence of CTM wave. 
Numerical results and discussion
Following Gauthier [11] , the physical constants for a micropolar thermoelastic solid are considered to be ½ = 7:59 × Figures 2 and 6 , respectively. The deviation of the solid curve from the dotted curve in these figures shows the thermal effect on the reflection coefficient and the energy ratio of the reflected CLD wave at a particular angle of incidence.
The reflection coefficient and energy ratio for reflected coupled thermal waves decrease with the increase in the angle of incidence. The dotted curve does not appear in Figures 3 and 7 due to the absence of thermal disturbances.
The reflection coefficients and energy ratios for the reflected CTD and CTM waves increase from minimum to maximum and then decrease to their respective minimum values. The effect of thermal disturbances is observed at a maximum near peaks and at a minimum at normal and grazing incidence. These reflection coefficients and energy ratios are shown graphically in Figures 4 and 5 and Figures 8 and 9 . (b) Incidence CTM wave. The reflection coefficients and energy ratios for reflected waves are shown graphically with the angle of incidence varying from 1
• to 21
• , as there is no reflected wave beyond the critical angle 21
• . The reflection coefficients and energy ratios for the reflected CLD waves increase with the increase in the angle of incidence, as shown in Figures 10 and 14 . The effect of thermal disturbance on the reflection coefficient and energy ratio of the reflected CLD wave is less considerable.
The reflection coefficients and energy ratios for reflected coupled thermal waves are shown in Figures 11 and 15 . The dotted curves in these figures disappear due to the absence of thermal disturbance. The solid curve variation in Figure 15 is shown after multiplying its original value by 10 3 . The reflection coefficients and energy ratios of the reflected CTD waves are shown graphically in Figures 12 and 16 , respectively. The comparison of solid and dotted curves in these figures shows the impact of thermal disturbances on the reflected CTD waves. The solid and dotted curve variations in Figure 16 are shown after multiplying their original values by 10 3 and 10 9 , respectively. The reflection coefficients and energy ratios for reflected CTM waves decrease with the increase in the angle of incidence. The maximum thermal effect on the reflection coefficient and the energy ratio is observed near the critical angle and is at a minimum near normal incidence. These variations are shown graphically in Figures 13 and 17 .
Conclusions
The field equations of micropolar thermoelasticity without energy dissipation are solved for a two-dimensional model in the x y-plane. The four plane waves are found to propagate with distinct speeds. The reflection of coupled longitudinal displacement and coupled transverse microrotational waves from a thermally insulated free surface is considered. The boundary conditions at the free surface are used to obtain a system of four equations in the reflection coefficients of various reflected waves. The energy ratios are calculated for the incidence of both striking waves. These reflection coefficients and energy ratios are also computed numerically for a particular material. The thermal disturbances in the micropolar material significantly affect the reflection coefficients and the energy ratios of various reflected waves.
